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CHANNEL PROTECTION AGAINST HIGH VELOCITY FLOWS

1. Authority, = This report is submitted under authority contained
in multiple letter from the Office of the Chief of Engineers, dated 2U
June 1949, subject: PCivil Works Investigation®, file number ENGWE 812,
in which Investigation No. 452-G, Channel Protection Against High
Velocity Flows, was assigned to the New England Division.

2. BScope., = A physlcal inspection was made of all typee of chan-
nel and slope protection comnstructed by the Corps of Engineers in the
New England Division, Hydraulic analyses were made to determine the
maximum desigzn and experienced velocities, Date on those types which
have experienced velocities in excess of 6 feet per second, together
with photographs and sketches showing details of construction, are in-
cluded in this report.

3« Description of Projects., — Velocities in exceses of six feet

per second have been experienced at five local protection projects conw
structed by the Corps of Engineers in the New England Division. The
locations of these proJects are shown on plate l. A brilef description
of each project is glivem below.

a. Pltchburg, Masg. — This project consists of improvement

of approximately five mliles of channel in the North Naslmue River 1n the
city of Fitchbturg, Mass. The improvement included channel dsepenlng,
widening and realignment, removal of existing dame, dlke construction,

riprapping, protection of structure foundations, construction of re-



taining walle, recomstruction ¢f a rallroed trestle and construction of
a diveraion conduit., The main channel has grades up to 2.00%. A general
plan of the improvement is shoewn on plate 2,

The project, completed in January 1938, is deeigned for
flood flows up to 9,000 c¢.f.s, and velocities up to 18 feet per second
in isolated locations. In September 1938, the newly-completed channel
was subjected to a flood flow of approximately 8,000 c.f.s. with esti-
mated velocities up to 18 feet per second being experienced.

bo Northampton, Mass, = This project consists of earth dikes,

concrete flood walls, a pumping station and a diversion canal approxi-
mately two miles long. The upper 2800~foot length of the diversion canal
is on a 0,22% grade and has riprapped bottom and sides. The riprapped
portion terminates at a concreite drop structure and stilling basin, from
which point the remaining canal is level with no bottom or slope protec-
tion, A general pian ef this preoject 1s shown on plate 3.

The canal, completed in 1940, is designed for flood flows
up to 30,000 c.fos., and velocities up to 13 feet per second in the rip-
rapped section. The maximum flew to which the canal has been subjected
to date was 3,100 c.f.®. in April 1945, with estimated velocities up to
8 feet per mecond being experienced at that time,

¢. Holyoke, Mass. — This project consists of earth dikes,

concrete flood walls and pumping stations along the Connecticut River
at Holyoke, Mass. A general plan of the project is shown on plate 4.
The project, completed in 1948, is designed for flood

flows up to 230,000 c.f.s. and velocities up to 9 feet per second in the

man-



vicinity of the Boston and Maine Railroad dridge. The maximum flow to
which these slopes have been subjected to date was 140,000 c.f.s, in
December 1948, with estimated velocities up to & feet per second being
experienced at that time,

d, V¥est Springfield, Mass. - This project consiste of earth

dikes, concrete flood walls and pumping stations along the Connecticut
and Westfield Rivers in West Springfield, Mass, A general plan of the
Project 1s shown on plate 5.

The project, essentially completed in 1940, 1s designed
for flood flows up to 250,000 c.f.s. on the Conmecticut River and 60,700
c.f.8, on the Wesifield, with maximum velocities up to 10 feet per
second on the Westfield River above the Agawam Bridge, The maximum
flow to which this protection has been subjected to date was 140,000
csT.8, on the Connecticut River and 32,200 c.f.s. on the Westfield
River im December 1948, Maximum estimated velocitles above the Agawanm
Bridge were & feet per second at that time,

8. Lowell, Mass. - Thig project consists of earth dikes,

concrete flcod walls and pumping stations along the Merrimack River
and Beaver Brook 1n Lowell, Mass. A general plan of the project is
shown on plate 6,

The project, completed in 1942, is designed for flood
flows up te 173,000 c.f.8, on the Merrimack River, with maximm veloci-
ties up te 15 feet per seccnd slong the Lakeview Avenue Section. The

maximum flew to which this protection has been subjected to date was



48,000 cof.8. in June 104U, with estimated velocities up to 10 feet per
second being experlenced at that time.
4. Types of Protection. — Details and photogrephs of the various

types of channel and slope protection which have been subjected %o
velocities in excess of 6 feet per second, togethsr with pertinent

data thereon, are shown on figures 1 through 12, The locations at

which these varlous types have been constructed are shown on plates 2
throngh 6 described above. Types of protection and locations which haws
been subjected to velocltles less then six feet per second are not shown,

5« Bydreulic Analyses. — Velocltles of flow were determined oy

¢ividing the maximum design or experienced flood diecharge by the total
effective crose-sectional area. This computation resulte in a mean
veloclty for the section. True bank welocities, affecting stabllity of
protected areas, are indeterminable and are dependent on (a) bak friction,
(v) depth of flow or hydraulic radius near the bernk areas, and (o) align-
ment of the river chamnnel, —— that 18, whether the protection 1s on the
inside or outslde of channel curvetwres. Ip most cases, 1t 1s expected
that the bank velocitles will be less than the meer wvelocitlies shown,
but no attempt has been made to evaluate the cross—sectional velocity
digtridbutien.

¥Where the protection extends up a tribtutary, as at West Spring-
field, protection is provided principally against dackwater from the main
river, In such cases, maximum velocities in the tridtutary occur with

miminum stages on the main river.



Fo attempt has been made to evaluate design and experienced
velocities in riprapped tailrace and pumping station outlets which are
designed to prevent scour from discharge durlng low river stages and
erosion due to eddy action during high river stages.

6. Discussion. - In general, all types of protection constructed
by the Corps of Engineers in the New England Division have withstood the
veloclties to which they have been subj)ected to dete, Where properly
maintalned by the local agencles charged with maintenance, the riprapped
slopes, as well as slopes protected by gravel or topsoll and gfass. have
remained in excellent conditicn. The only type of protection which has
suffered any appreciable damage is some of the grouted riprap (Type "C")
in the Fitchburg Channel] Improvement project. Photographs of damaged
portions of this type of protection are shown on figures 13 and 14, 1In
these instances, damage 1s believed to have been caused by progressive
erosion or scour of the material underlying the riprap.

7. Conclusions. - Based on experience acquired from projects con-
structed over s decade ago which have withstood substantial velocities
successfully, it would appear that some portions were over-protected,
Hand=placed riprap was used extensively during the period of the W.FP.d.,
E.B.A., etc., when emphasis was placed on utilization of the maximum
possible amount of manpower and the minimum amount of machinery and
materials, Experience with less costly types of protection indlcates
that the current high cost of hand-placed riprap is not Justifliable

except under severe erosion condiitions., Where conditions are not par-



ticularly severe, less costly types of protection are presently beling
employed by this office, such as dumped rock or, in the case of only
moderate veloclties, gravel blanket or topsoil and seeded slopes.
However, these forms of protection have not been subjected to high
velooitles to date. With respect to the last—named type, it was the
practice of this office to specify that euch slopes should be top~
soiled, spot-sodded and seeded, the sods being 4" to 6" square and
placed 18" to 24* on centers. Spot sodding proved to be expensive
and of dubious value and comsequently has been omitted from subsequent
specificationa. Grouted riprap has likewise heen omitted from recent

plang where there was any danger of its being undsrcut.

H. J. WOODBURY
Colonel, Corps of Englneers
Division Englneer
Inclosures:
6 Plates
14 Figures



CORPS OF ENGINEERS

f  BRATTLEBORO f
&

U. S. ARMY

\Y E}R MONT

HAMPSHIR

HOLYOKE®)
R!VERDALES O CHICOPEE

WEST SPRINGFIELD

O SPRINGFIELD

L)

HNASHUA

v
P-G

.'
N
~

¢
\@\HTCHURG

O WORCESTER S

A
» ;
N

HARTFORD .’ EAST HARTFORD

NECQTE

M!DDLETOWNO

cC u

NEW
NEW HAVEN

WOONSOCKET
‘}m o m—'@' - e
¢
!

L
PROVIDENCE @} l
eR HOD E

NEWPORT

7

BOSTON @

ISLANDy%°_

BLOCK ISLAND SOUND

- @0 LAWRENCE &

MASSACHUSETTS

&

O BROCKTON

>

S

FALL RIVER
CNEW BEDFORD ¢

ﬂ

\S8UzzarDS b

&

pé

SMARTHAS A
VINEYARD,.1§(_}

care coo V&)

N care cop canaL_~” ¢

PROVINGETOWN

BAY

0
~
A
@itxi;% éf
~N
A
X

NOTE:

Locations referred fo in
the report are underscored.

LOCATION MAP

SCALE IN MILES
5

OFF!C,E OF THE DlViS!ON ENGINEER

NEW ENGLAND DIVISION. BOSTON., MASS.

- PLATE |




CORPS OF ENGINEERS

STONE MASONRY COMCRETE CRIB WAL}
WALL A :
~MASONRY WALL WITH

rsra jlo-mo
l

EOR™ )
! 1

ya /
7 <L Yk
"j".\ _\‘\-; i,. | \
/// j:i\"i!&h T @ t\‘_____‘_ "_i=

T'_“—S =

—~J

1—(:.1)"(:RE'1’! CAP
OVER EXISTING
WALL .

N
fqu (T~ CONCRETE waLL
‘_,A,_ q ER
TN

N,

ergren, 8 <
@ 2 CONCRETE / K CONCHETE CAP
e SNy
_ —f — - y T A ae b samsmEeta \
\/(—f,—' :"______—-":‘0 : A i y \>\A\__!
g = N AT =
“

CONC. SRAVITY WALL

R
yE-HML, /
- y - RELOCATED CANA

Q
"'p s
J - /7
' FALULAN ROAD N g _‘/"
\ (C

COMC, CAF OVER o 2
EXISTING WALL - y

P

:a""j/ IR

SONRY CAP

I
“\‘\‘.{ ONC_BACRING

EXISTING WAL L
NAISED

i iy
F-2) / ¢ 3
~xbln
I‘L “é R Ffr%b’ge /era
| Deatroyes In 1938.) S BUQ\G\VS'
) /-

/

L\

/ CHANNEL ALIGHMENT
WIDENED BETWELN 3TA.
00 & STA‘EIOOO

' = & JTAD+00
.

J. S ARMY

LEGEND
———— Work by US.E.D.

Protection Type

NOTE:

In addition to work shown, improvement included
channel deepening ond widening ond removal of existing
dams between Sta. 0+00and Sta. 260+00.

CHANNEL PROTECTION AGAINST HIGH VELOCITY FLOWS

FITCHBURG, MASS.
PROJECT MAP

OF
LOCAL PROTECT!ON WORKS
NORTH NASHUA RIVER MASSACHUSETTSE

T T Wo.
LRI 3 W o 500" P LLL L3

| OFFICE OF THE DIVISION ENGINEER
NEW ENGLAND DIVISION, BOSTON, MASS.

PLATE 2



CORPS OF ENGINEERS U. S. ARMY

ORTHAMT O,

: _/ MPING STATION ’/"’f

7 pLus omITTED A/ "
/' SECTION. ﬁ// %o
17 N4 6 Vi
' i,
)
,, Q , /
; ; . . . INGFIELD _A0AD

o s B
" _\_\ﬁ

DIVERSION CANAL EXCAVATION -

ITEM N.3a OVERFLOW
RIPRAPPING DIVERSION CANAL: ' %, ey op |
ITEM N. 3¢ L MM Rse LEGEND

77" Owerflow Limits of Morch 1936 Flood

LB

. i 5; sefuppm  Dika
: Mt =S
. PARADISE //,j, ; o —— Yol
\ . /.,, POND ‘.;"z..’ %f::nm,r Diversion Canal
% P \ /_\_-‘- Protection Type
e -r—"",_,_,‘;-‘:/?ﬂ = '
— i RN e &
. “ TS
T ;nmm‘.m s; ’ \ \\\\ o St
\ \ N s srane mosrra CHANNEL PROTECTION AGAINST HIGH VELOGITY FLOWS
= — OVERFLOW SECTIO T
N~ A . /, SART OF ITEM N.30 bummg 7 NORTHAMPTON, MASS.
- : ANER: BUID briggy * PROJEOCFT MAP
e ML . F
g BN Ao P LOCAL PROTECTION WORKS
EXGEE CONNECTICUT RIVER MASSACHUSETTS
..-.._._..-:_ IN B SHEETS 600" o 600" TQDD‘SHEET NO. 2
....... 2= e T e e e T e ]
OFFICE OF THE DiVISION ENGINEER
NEW ENGLAND DIVISION, BOSTON, MASS.

PLATE 3



CORPS OF ENGINEERS

e
S’é’
-
[ R -
§ T [ h
- ' T ANE"
. ) . , e
“ L \\ & CHICOPEE \ : - e izt w ]
N 3 1 WALL B OIKE, \/ ‘ STON ot
\¥ v f I \I\ S %- 1 I‘.
> BRI [ W N . [
N L = X
-"/'-I——El:ll_cbp_tc' L bbbt — B
I e —_—

LEGEND CHANNEL PROTECTION AGAINST HIGH VELOCITY FLOWS
T W Overflow Limits of March 1936 Flood HOLYOKE, MASS.
— Wl PROJECT MAP
LOCAL PROTECTION WORKS
Protection Typa CONNECTICUT RIVER MASSACHUSET TS
IN 8 SHEETS . o ! OO,SHEET HO. §

OFFICE OF THE DIVISION ENGINEER |
NEW ENGLAND DIVISION, BOSTON, MASS.

PLATE 4




\_)UL-_——‘ s
: %\r& == \\EH Iy \\\ \m

I/’%\jﬂ@b AN KN\X\ ‘

o T T

\ §§§§oﬂ§%%\m Al “@\@
SN A 4 \"\\

oW
WEST SPRINGFIELD MASS
PROJECT MAP

OF
LOCAL PROTECTION WORKS
OONNECTICUT RVER MASSACHUSET TS
M & BSMEETR . 4

A

8oo’ 4] 800" nsoo"mEE M
- e e e ——— ]

OFFICE OF THE DIVISION ENGINEER ]
NEW ENGLAND DIVISION, BOSTON, MASS.

PLATE 5




CORPS OF ENGINEERS U. S.ARMY

LOWELL, MASS.
PROJECT MAP
QF
LOCAL PROTECTION WORKS

RRRRRRRRRRRRRRRRRRRRRR SETTS
8 SHEET NO. 5

OFFICE OF THE DIVISION ENGINEER
NEW ENGLAND DIVISION, BOSTON, MASS.

PLATE 6




Derrick stone riprap -

U8 ARRY

od ~F
I
hy imax)

Grovs! beddiog

PROTECTION _ YEAR LOCATION t, to w h, hg | MAXIMUM VELOCITIES- ft /3es,
TYPE FROJECT CCMPLETED jFrom Sta.| To Sic. " in. in. ft. ft. ft. Dasign Experienced
A-1 Fitchburg 1938 124+60[125+10] 1.5 | 18 o |loo ]| 96] 70 7-10 7-10
A-1 Fitchburg 1938 177+55]|178+30] 1.5 | 18 [} 75 | 89 ]11.8 9-12 9-12
A-2 Fitchburg 1938 223+60|224+20| 30 ] 18 (] 78 |85} 73 12-14 12-14

FITCHBURG CHANNEL IMPROVEMENT

CHANNEL PROTECTICHN AGAINST HISH VELOCITY FLOWS

TYPE "A" PROTECTION

OFFICE OF THE DIVISION ENGINEER
NEW ENGLAND DIVISION, 8D3TON, MAE‘E%%

FiG. |



Hond-ploced riprag

U.S. ARKY

PROTECTICH PROJECT YEAR LOCATION n t ta w d h, h, MAX. VELQCITIES- ft./s2z.
TYPE CORPLETED |From Sta| To St in. in. ft. 5. ft. f1. Dasign Experienced
B-1 Fitchburg 1938 T1+00] 71425] 1.5 '8 o {no 0| 97 | 87 7- 8 7- 8
B-2 Fitchburg 1938 37+80| Z2+80}20 | 18 O] 85 0] 95|97 8-10 8-10
B-2 Fitchburg 1938 238+00|228+70]| 2.0 { 18 o 66 0] 80 | 6.3 13-18 13-18
B-3 Northompton 1940 1+50| 28+07] 3.0 ] 12 6 35 1.0 |162 | 7.6 -3 6- 8
B-3 Fitchburg 1938 47+60| 47+75| 3.0 18 [¢] 80 O] 95 | 94 12-16 12-16
B-3 Fitchiburg 1938 48+ 65} 48+75| 30 ] 18 (o] 80 0] 68 | 56 12-16 12-16

NORTHAMPTON DIVERSION CANAL.

CHANNEL PROTECTICK AGAIST KIGH VELOCITY FLOWS

TYPE "B" PROTECTION

iNEW ENGLAND DIVISION, BOSTON, MA&:S‘%

CFFICE OF THE DIVISION ENGINEER

FIG. 2
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PROTECTION SROJECT YEAR LOCATICH t ty w h, hy | BAX!IMUR VELOCITIES - fi./s80.
o2, n -
TYPE i CCHPLETED |From 3ia.| To Sta. in, in. ft. ft. ft. D2zign Experisncsd
c-1 Fitchburg 1938 71+25) 71479 15| I8 O }jit0o] 98] 88 7- 8 7- 8
c-2 Fitchburg 1938 228+ 70|240+251 20| 18 (o] 66| 80] 6.8 10- 14 10-14
~C-3 Fitchburg 1938 47+75| 48+65]1 30| 18 0 80| 95] 94 12-16 12-16
c-3 Fitchburg 1938 224+20|225+10}13 0| 18 [o] 60 104 ] 8.1 13-17 13-147

FITCHBURG CHANNEL IMPROVEMENT

CHANNKEL PROTECTIGN ASGAINST HIGH VELOCITY FLOWS

- TYPE "C" PROTECTION

WNEW  ENGLAND DIVISION, BOSTON, MA

% OFFICE OF THE DIVISION EMGINEER

FIG. 3
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-~ Originel ground surfsce

Bark-run grove! ,,:;f? :
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N

PROTECTICN FROJECT YE AR LOCATION ‘ 3o t te b, he hy MAXIMUM VELOCITIES- ft. /382,
TYPE CCMPLETED |From Stc.| To Sta. in in. ft. ft. ft. Design Experiznced
D-1 Fitchburg 1938 137+ 20] 141 + 30} 1.0 24 o 13.5 1.5 112.0 10-14 10-14

D-2 Fitchburg 1938 141 +30]142+50| 1.5 | 24 0 j120] 30113 10-13 t0-13
D-3 Fitchburg 1938 123+30]123+460| 20 | 30 0| 88| 40| 80 10-12 10-12

FITCHBURG CHANNEL IMPROVEMENT

CHAMNEL PROTECTICN AGAINST HIGH VELOCITY FLOWS

TYPE "D" PROTECTION

OFFICE OF THE DIVISION ENGINEER
#NEW EMGLAND DIVISION, BOSTON, MAE&%

FiG. 4




CORPS CF
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M*’ Original gregnd surfoce
S &
T,

Hond-ploced riprap OF Mor. W S, exprripnred fo d5fe <P

prROTECTION | - o o YEAR ocation | v f e b || he | n hsAX. VELOCITIES - f1./225.
TYPE COMPLETED |Fram St |- To Ste. in. in ft 1t ft. it Deszign Experienced
€-1 Fitstburg 1938 150+00|15c+80| 1.5| 18 | © s|ios] 5 |02 8-10 8-10
E- | - 1938 |246+60|247+60} 1.5] 18 | o s|8o] 5 | s8] 12-18 12-18
E-2 ; 1938 123+60|124+60} 2.0 18 | © 5]'as| 4 | mo| 9-12 9-12
E-2 Fitohburg 1938 150+80]|155+70| 20| 18 | o s5|iwo3] 3 02| s-10 8-10
E-2 Fitchburg | 1938 153+ 70| 155+30f 20| 18 [ © s[i03] 3 |02 s-10 8-10
E-2 Fiichburg 1938 173+ 80| 177+55]| 20] 18 | © s|io7| 3 [i12.4] 8-10 8-10
E-2 Fitchburg 1938 190+60|191+80|2.0]| 18 | o 5[i3s] o | 98] 7-i0 7-10
E-2 Fitcrburg 1938 |208+10[|210:50[ 20| 18 | 0 s|izo| o [iio] e-9 6- 9
E-2 Fitchburg 1938 |208-10|212+00[20] 18 | o s|izo] o [11o] -9 6- 9
E-2 Fitchburg 1938 |214+30|217-20|/20) 18| o] s]oe9] 3 | s8] 9-1i 9-11
E-2 Fitehburg 1938 |234+00[238+60| 20| 18 | © 5| 94| 0o | 9.0] 9-11 9-11
E-2 Fitehburg 1938 |248+40|251+50| 20| 18 | o 5|0z 3 | s2] 9-12 9-12
E-3 Fitehburg 1938 48+75| so+00|30] 18 | © s|ea| 6 | 5.5] 12-16 12-16
E-3 Fitchburg 1938 82+60| 83+40|30]| 18 | © 5|ee| 4« | 7.2] i0-13 10-13
€-3 Fiichburg 1938 115¢+90]124:60[30]| 18 | o] 20| 84| 4 | 72] 10-13 10-13
E-3 Fitchburg 1938 122+50(123+30[30] 18 | © 5|88] o | so|] 9-12 9-12
E-3 Fitchburg 1938 191+90|193+00[30]| 18 | 0 s[izs] o 99| s5-8 5- 8
E-3 Fitzhburg 1938|244+ 00]|246¢60[3 0] 18 | o] 20l 84 5 | 7.1 8-12 8-12

CHANNEL PROTECTICH AGAINST HIGH VELOCITY FLOWS

TYPE “E" PROTECTION
FITCHBURG CHANNEL '
IMPROVEMENT

OFFICE OF THE DIVISION ENGIMNEER
iNSW ENGLAND DIVISION, BOBTON, MAZS
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CORPS OF ENGINEERS U S ARMY

LANDSIDE RIVERSIDE

teroTECTION] YEAR LOCATICH 1o bn | ny | ny pooERYmE]MAX.VELOGITIES - f1 /220
TYPE PROJECT CCHELETED) From S%a| To Sta " in in ft 1. f1. | MATERIAL Design Experisnced
F-1 W, Springfisgld 1938 115+400] 117+485] 20] 12 6 18 | 17.5 | ‘mpervious 8-10 6- 8§
F-2 W. Springfald i339 1184+ 30| 150¢18 ] 2.5] 12 6 23 | iI50 | impervious €- 9 8- 7
F-3 Fitchburg 1538 564+404] 56442] 30] 18 0 1010 7.1 Rendom 8- 12 8-12
~3 Fitchburg 1938 5€+23| 564580] 30 R} (o] 10 o] 71 Random 8- 12 8-12

WEST SPRINGFIELD LOCAL PROTECTION

CHAXNEL PROTECTION ASAINST HIGH VELOCITY FLOWS

TYPE “F" PROTECTION

CGFFICE OF THE DIVISION ENGINEER
iNEW EMGLAND DIVISION, BOSTON., MA@?:%%

FIG. &




LANDSIDE RIVERSIDE

ho (min./e-{

iwter surfoce, Design Flood “Y

~ by imax)
~ -
S~ S
—— 2 Hor. #S. exprrigaced o Sots 7
ST Original growid surfacs :
o —— o~
~ -~ - -
prorecion] | YEAR LOCATIGH t [ h [ hy | hs PMATERIAL UNDER]MAX VELOCITIES - ft/20c.
Tvpe | TROY COMPLETED|From Sta] To 8te. | © | = | tr. | . | ¢ jropsoi siaseT|  Cesign  |Experienced
G-I Lowat! 942 8+83| 36+00[ 30| 6| 22 3| 7| Random 13-18 8-10

LOWELL LOCAL PROTECTION

CHAMNEL PROTECTICK ASAINST HIGH VELOCITY FLOWS

TYPE “G" PROTECTION

CEFICE. OF  THE DIVISION ERNGINEER
iNﬁW EMGLAND DIVISION, BOSTON, '?'»@Aﬁi%%
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Fizo? °F

b (min)

Y

g ~
Origingl ground surfoce Y AN

Derrick sfons rigrag
Moy &S exseris

ccad fg dote <P

b (maox) Ay fmor)

=
|

Rondom fill —
Grovel bedding

{2ROTECTICH] YEAR LOCATION Wl ot [ o [ og [ n [ he | ns [Max verLociTiES- t1/500,
Type | TROYECT bowmieven|From sta] Tosw | " | in | im |t | o | 0 | n | 0 | vesign . |Experienced
H-t | Fitchburg 1938 | 1ss+90l2cet10 | 1.o0l18| o | o | s |ao|leo]lno]| 10-12 10- 12
H-2 | Fitenrurg 1938 | s+40|is53+70| 20l 18] 0 | 0 | 5 |25]|8olioe] ‘e 10 8- 10
H-2 | Fitchburg 1538 | isz+50|167400| 20] 18] o | o | 5 |70ls0li2]| 11-13 11-13
H-2 | Fitchturg 1932 | e2c00)iro+es| 20l 18] o | o | s |eolsolizi]| 12-16 12- 16
H-2 | Fitehburg 1938 | 1az+00)i8es00] 20| 18] 0 | o | s |70la0| e8| e 10 e 10
H-2 | Fitohburg 1938 | s+80|2ce+10| 20l 18] 0 | 0o | 5 | 70|60 ]ias | 13-15 13- 15

FITCHBURG CHANNEL

IMPROVEMENT

CHAMNEL PROTECTION AGAINST HiZH VELOCITY FLOWS

TYPE "H" PROTECTION

CFFICE OF THE DIVISION ENGINEER
#Nif“j"«%’ ENGLAND DIVISION, BOSTON, MA «,‘i
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swoter surfoce, Design Flogd P

by imin)

Origing! ground surfscs ;M\

Rendem Fill

Gravel bedding -
N .

Benk-run grave!

gad -gioved riprop

gy

~
S

FROTECTICH YEAR LOGATICH ot b Lo, by | b Jhe | hy {MAX.VELOGCITIES - f1. /320
TYPE PROJECT COMPLETED TJo Sta. " in. L ino | f0.) 0 Fr | fr f f1 ] £t Cesign Experignced
J-) Holyske 1948 A95+70]1.5]12] 6 9] 2]150] 8] 18}45 6-8 5-7
J=-1 Halyo 1948 ASS4+36] 1.5} 12 ] 6 0]12]50})12] 15}i5.5 7- 9 §- 8
J-2 1939 156+18120]12] 6 ] 10] O] 50] 4] 221180 6- 9 5- 7

WEST SPRINGFIELD LOCAL PROTECTION

CHAXNEL PROTECTICH AGAINST MiGH VELOCITY FLOWS

TYPE "J" PROTECTION

OFFICE OF THE DIVISION EMGIMNEER




CCRPS OF ENGINEERS L. S. ARMY

Water surface, Design Flood <

b 73 | . ’T |
{men.) (m;‘a,)] b, émin)

Coarse bank-run grove!
1

Hong-placed riprap

Mor WS experisnced 1o date “F

~ 4. Origina/

~ _ ground he (max.)
=~ gurfoce h3 (max.)
T Yy
' Rondom fill —~ .| b3 (min)

Gravel bedding -

fe

PROTECTION YEAR LOCATICHN il t2 | b I ez]bs | h |h2 |hs 1AX VELOCITIES - ft. /s,
PROJECT . n i 1
TYPE ROJEC CCHMPLETED |From Sta| To Sta in. | in. | f ] £t ]t} ft ] ft ] ft Dssign Experienced
K- Fitchburg 1938 197+70}|198+80]2.0] I8 o] o] o 5] 8 51]10.5 13-15 13-15

FITCHBURG CHANNEL IMPROVEMENT

CHANNEL PROTECTICK ASAINST HIGH VELOCITY FLOWS

TYPE "K" PROTECTION

SFFICE OF THE DIVISION ENGINEER
#N‘EVV ERZLAND DIVISION, BDSTON, MA.Ev‘i%}%

FIG. 10




CORPS OF ENGINEERS

U. S ARMY

Woter surfoce, Desigs Fiond )
h; (min.)
b, (min) |
\ ..... l ............
S NT o '
] < N \) Mex WS expericnved o dofe ¥
N Er he fmax) 1 o
Coorse benk-run g<ovel b fmin) "9 /fwx./
Rondom fill " N LN 2.
~.. o ° I/
OriginG! grsund surfoce .. =~ ° [=

o
T e, ntnis e e

PROTECTION PROJEGT YEAR LOCATICN R t b, [ P, [ b, | ha | Ns PAAX VELOCITIES- ft./sec.
TYPE CCMPLETED jfrom Sta.| To Sta. n ft. ft. ft. fr. | £t Design Experienced
L- | Halyoke ‘ 1948 455+70|287+35) 20| 18 Jios|so]| 15 |11 Jias 6-8 5-7
L- | Holyoke 1948 233+35 |aooie2| 20| 18 |0 [so|10}|ie |as 6-8 5.7

HOLYOKE LOCAL PROTECTION

CHANNEL PROTECT!QN‘ AGAINST HiGH VELOCITY FLOWS

TYPE "L." PROTECTION

OFFICE OF THE DIVISION ENGINEER
i‘?‘%%ii’w EMGLAND DIVISION, BOSTON, MA&*&'}%

FIG. 11



U. S. ARBY

Rock-lilled

CORPS OF ENGINEERS

concrete cribs - ty (max.) :
Moy W.S. experienced 1o date ¥
Ag /fnax/
i
f“ROTECTION PROJECT YEAR LOCATION s b, bi d h, h2 h3 $MAX.VELOCGITIES- ft./sc.

TYPE . COMPLETED |From Sta.| To Ste. ft. f1. 1. ft. ft. ft. Design Experienced
M- Fitchburg 1938 147+45|1494+33] 30| 6.0| 6.0 01i5.0 1.3 Ji0.9 8- IO - 8- 10
M- 2. Fitchburg 1938 170490173450 | 40| 80| 8.0 o400 |3 1125 9-11 9-11
M- 3 Fitchburg 1938 155470157400 ] 6.0] 6.0 ] 6.0 0] 60) 82 ] 80 14-16 14- 16
M- 3 Fitchburg 1938 158400 |59«‘>30 6.01 60| 80} 43}103]114 9.8 i-13 1-13
M- 3 Fitchburg 1938 193490195450 | 6.0 60| 8.01 4.3 |13.0]11.9]10.2 8-10 8-10
M- 3 Fitchburg 1938 236460238400 )] 6.0] 60| 8.0] 43]13.0 86| 7.8 13-15 13- 15

FITCHBURG CHANNEL IMPROVEMENT

CHANNEL PROTECTICHK AGAINST HIGH VELOCITY FLOWS

TYPE "M" PROTECTION

GFFICE

OF THE DIVISION ENGINEER

FNEW O ENGLAND DIVISION, BOSTON, MA5§5§

FlG.12



CORPS OF ENGINEERS U. S. ARMY

Destruction of Sewer Syphon Dam
Fitchburg, Mass. - Flood of Sept. 1938

Undercutting of Relocated Canal
Fitchburg, Mass.

CHANNEL PROTECTICK AGAINST HIGH VELOCITY FLOWE:

FAILURES OF
TYPE "C* PROTECTION

OFFICE CF THE DIVISION ENGINEER
NEW ENGLAND DIVISION, BOSTON, MASS,

FiG. 13




ORPS OF ENGINFERS ; .S ABRMY

Erosion of Right Bank below Bemis Dam
Fitchburg, Mass.

Close-up of Right Pank below Bemis Dam
Fitchburg, Mass.

CHARNNEL PROTECTION AGANST MiGH VELOGITY FLOWS

FAILURES OF
TYPE "C" PROTECTION

OFFICE CF THE DIVISION ENGINEER
MEW ENGLAND DIVISION, BOSTON, MASS

FIG. 14





